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INTRODUCTION
A method of spectrophotometric determination 1 was originally developed for measuring high-temperature, calcined plutonium-238 (Pu-238) oxide that had been dissolved, by the sealed-tube technique,2 with hydrochloric acid (HC1) and a small amount of perchloric acid (HC104) or nitric acid (HN03). We applied spectrophotometry, as it is described in the current report, to Pu-239 oxide. After having been fired up to temperatures of 950"C, Pu-239 oxide was dissolved in HC1 and small amounts of HN03 and hydrofluoric acid (I-IF) by the sealed-reflux technique.3 We also applied spectrophotometry to plutonium metal dissolved in HC1. Because it involves relatively few steps, the spectrophotometric determination has proved to be a simple and rapid method of measurement; moreover, it is also robust, accurate, and precise, and it produces minimal waste.
According to this method, the spectrophotometric measurement is made at a plutonium concentration that ranges between 2 and 4 mg/mL of solution. A sample of Pu-239 oxide weighing approximately 100 mg is dissolved for analysis. All the elements that are likely impurities in plutonium oxide samples have been considered in a separate interference study. 4 Uranium can be tolerated at levels exceeding 100 mg/g of plutonium. Tolerated 1 without effect at levels of 1 wt% relative to the plutonium content are neptunium, americium, iron, thorium, gallium, and aluminum. Chromium, rhodium, palladium, neodymium, ruthenium, and gold are elements that interfere at 10 mg/g of plutonium. Two elements from the second group, ruthenium and gold, also interfere at levels of 1 mg/g of plutonium. Tolerances for anions are 0.01 M P, 0.5 M S04=, and 0.05 M N03-.
Phosphate and oxalate do not interfere at concentration levels of 1.6 rnM.
The plutonium oxide samples we tested did not show any evidence of the elements mentioned above; they either did not contain such elements or the levels at which the elements were present were below the level at which interference is observed. The vaIue for nitrate represents the equivalent amount of HN03 that is added for the dissolution of plutonium oxide. HN03 converts to various species in mixture with HC1 during the heated reactions of dissolution. Refer to Section 7 for a consideration of these tolerances relative to the amounts of HF and HN03 used for the dissolution of plutonium oxide samples.
APPARATUS

Dissolution Apparatus
Used for the sealed-reflux dissolution of plutonium oxide, this apparatus incorporates a No. 18 semiball clamp, a polyethylene or rubber stopper, and a fused silica tube into which the plutonium oxide sample and acids are inserted (see Fig. 1 and Refs. 2 and 3).
Filtration Apparatus
For preparing the plutonium reference solution, we use an apparatus with a 2-in.,
.45-~m hydrophilic filter (e.g., Millipore HVLP).
Spectrophotometer
The Hewlett Packard Model 8452 Diode Array Scanning Spectrophotometer, or equivalent instrument, is interfaced with a computer that has floppy-disk storage. At Los Alarnos, we currently use a spectrophotometer that has been modified; it now incorporates a tungsten lamp and a fiber-optic interface manufactured by Custom Sensors and Technology.* The interface sits where a standard cell holder used to be placed. The fibertwo 600-micron, single-strand, shielded cables with SMA optic cables of the interfaceconnections-are connected to-the cell that sits in a cell holder placed in the containment box. The fiber-optic interface allows the 80-LL flow cell to be placed in the plutonium containment box, while the spectrophotometer remains outside the containment box. 
REAGENTS
3.
Note: Distilled or deionized water must be used for all reagents.
Reducing Reagent
The reducing reagent we use is composed of ascorbic acid (L-, C6HS06) and aminoguanidine bicarbonate, each at a concentration of 0.40 M. We prepare this reagent fresh daily by dissolving 7 g of ascorbic acid and 5.5 g of aminoguanidine bicarbonate in 100 mL of 1 M HC1. We then transfer the resulting reagent to a dispensing bottle with a 2-mL delivery.
Hydrochloric Acid (12 M)
This is an analytical reagent-grade acid, whose concentration is between 36.5% and 38.0%.
Hydrochloric Acid (1 M)
To obtain this reagent, we dilute to volume 83 mL of 12 M HCI with water in a 1-L volumetric flask.
Hydrofluoric Acid (1.3 M)
Using a plastic pipette, we transfer 4.8 mL of 48% 28 M HF to a 100-mL plastic, graduated cylinder and dilute to volume with water in order to obtain the desired reagent.
Nitric Acid (15.9 M)
This is an analytical reagent-grade acid, whose concentration is between 69% and71 %. 
PROCEDURE
For the spectrophotometric measurement, we prepare one reagent blank, a set of calibration standards, and two dissolved weighed portions of each sample.
Reagent Blank
One reagent blank is processed with each series of reference material aliquants or group of samples. In a 25-mL volumetric flask, we mix 2 mL of 12 M HC1, 1 drop of 15.9 M HN03, and 1 drop of 1.3 M HF. We then proceed according to Steps 4,2.2 to 4.2.4 of the calibration procedure described below.
Calibration
Every other month, we observe the following procedure: We use the latter calibration procedure to verify the more extended five-point calibration done every other month.
Note: The three-point calibration can only be run after a five-point calibration has previously been run. On the day the five-point calibration is run, there is no need for the additional three-point calibration,
Samples
We weigh two portions of each sample of Pu-239 oxide. Eight samples-two portions of each-can be analyzed daily. Once the solution has been transferred to the volumetric flask, follow Steps 4.2.2 through 4.2.5 of the calibration procedure.
CALCULATIONS
A computer program enables us to calculate, in two steps, the plutonium content of a sample.
First Set of Calculations
We calculate the plutonium content measured spectrophotometrically in the 25-rnL volume for the four net absorbance (see calibration coefficients at the subscript net absorbance, and absorbance of the sample at the superscript wavelength.
Next, we compute the average value P and the standard deviation for values P 1 through P4.
Second Set of Calculations
We calculate the plutonium content of the sample by A baseline correction routine, which corrects for broad spectral interferences (sloping baseline), is automatically applied at 0.3% RSD.
I
RELIABILITY
For over 30 years, CPC6~7 has been the Laborato~'s method of choice for determining the total amount of plutonium in plutonium oxide samples. This welldocumented method is robust, accurate, and precise, but the preparation of the sample, which is required for analysis, is labor intensive.
The spectrophotometric method, as described in this report, has been evaluated against CPC. A series of plutonium oxide samples were dissolved by the sealed-reflux technique, and aliquants from the same solution were analyzed both by CPC and the spectrophotometric method. The results of this comparison are presented in Table I . Some samples may contain residual silicates or nonplutonium material; generally, this does not present a problem because particulate either settle before the sample is drawn into the cell or are filtered out by the in-line glass-wool filter that is placed before the cell.
To complex the fluoride, we add zirconium, and to reduce plutonium to Pu(HI), we add 
